Orthogonal experiment was used to optimize the extraction conditions of Flammulina velutipes mycelia polysaccharides (FvP). Four independent variables (ratio of water to raw material, initial pH value, extracting temperature, and extracting time) were taken into consideration. A yield of FvP of 2.19% was obtained under an optimized condition (ratio of water to material of 50:1, initial pH value of 6.0, extracting temperature of 85℃, and extracting time of 6 h). Subsequently, antioxidative properties of FvP-2 (crude polysaccharides) and FvP-3 (deproteinized polysaccharides) prepared from F. velutipes mycelia were evaluated by monitoring the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical and hydroxyl radical scavenging activity, together with antitumor activity against the human hepatocellular carcinoma BEL-7402 cells. DPPH scavenging rate of 65.85% and hydroxyl radical scavenging rate of 71.24% were obtained at 200 μg/mL of FvP-3. The inhibition rate of BEL-7402 cells was up to 45% at 640 μg/mL of FvP-2. These results suggested that FvP possesses potent antioxidant and antitumor properties. The polysaccharide may be useful as a functional food additive and an antioxidant and antitumor agent. 
Introduction
Mushrooms have been valued as edible and medicinal resources, and antitumor substances have been identified in many mushroom species. Polysaccharides, as one of the most important components isolated from mushrooms, have been correlated with multiple pharmacological activities, such as antioxidant, immunomodulatory, reducing blood lipid and antitumor activities. Flammulina velutipes, one of the most popular edible mushrooms, has being under a large-scale artificial cultivation and increasingly consumed in Japan and China owing to its high nutritional values and attractive taste (Smiderle et al., 2008) . It has attracted considerable attention in the fields of its biological activities (Fu et al., 2002; Shi et al., 2012 , Wasser, 2002 . It was reported that the polysaccharides from the fruiting bodies of F. velutipes have been proved to be beneficial in immunomodulatory, antioxidant, antitumor and biological activity on hepatocytes (Leung et al., 1997; Ohkuma et al., 1983; Pang et al., 2007; . Several polysaccharides have been isolated from F. velutipes, and their pharmacological efficacies were investigated . For example, an antitumor polysaccharide with the structure of 1,3-glucan was isolated from cytoplasms of the fruiting bodies of F. velutipes (Ikekawa et al., 1982) . An alkaline-soluble polysaccharide prepared from the cell wall of F. velutipes was reported to have immunomodulatory and antitumor activities against sarcoma SC180 (Leung et al., 1997) . However, few studies on the bioactive of F. velutipes mycelia polysaccharides (FvP) were investigated. Furthermore, there are few investigations focusing on the effect of FvP on the proliferation of human hepatocellular cancer cells .
Various methods are applied to increase the extraction efficiency of polysaccharides from mushrooms, including selection of proper solvents, prolonging extraction time, heating process and agitation. In order to establish a simple and economic procedure for producing mushroom polysac-standard (Dubious et al., 1956) .
Orthogonal experimental design Orthogonal experimental design is an optimization method for researching multiple factors and levels. It utilizes orthogonal table to arrange the experiment scientifically and evaluate multiple factors (Hedayat et al., 1999) . According to the orthogonality, some representative tests can be chosen from overall tests and the result from representative tests can be used to find the optimal scheme and discover the unanticipated important information. Single factor experiment was conducted to optimize the production conditions for polysaccharide from F. velutipes fermentation broth. Four single factors were optimized, ratio of water to raw material (10:1, 20:1, 30:1, 40:1 or 50:1), the initial pH value (5, 6, 7, 8 or 9) , extracting temperature (55℃, 65℃, 75℃, 85℃ or 95℃) and extracting time (1 h, 2 h, 3 h, 4 h or 5 h). Based on the results of single factor experiments, orthogonal experiment was applied to the following optimization. The orthogonal table L 9 (3 4 ) were used to arrange the experiments, four factors were evaluated each time and each factor took three levels. The procedures for polysaccharide production were the same as in Section "Routine procedures for preparation of FvP". Influences of these factors to yield of the polysaccharides were analyzed by SPSS Statistics 19.0. Amino acid analysis Amino acids of FvP were determined after hydrolysis (105℃, 24 to 36 h) under nitrogen by a modified form of the method of Mazumder et al. (2004) with a mixture of chlorhydric (7 M), trifluoroacetic (10%), and thioglycolic (20%) acids and phenol (1%). Lysozyme was used as a standard solution to quantify the loss of amino acids during hydrolysis.
Antioxidant activity of FvP a) DPPH radical scavenging activity The DPPH radical scavenging activity was determined according to the method of Shimada (1992) . Each extract (FvP-1, FvP-2 and FvP-3) at various concentrations ranging from 50 to 400 μg/mL was mixed with 2 mL of ethanolic solution containing DPPH radicals (0.1 mmol/L). The mixture was shaken vigorously and left to keep for 30 min in the dark, and the absorbance was then measured at 517 nm against a blank. All extracts were analyzed in triplicate. The DPPH radical scavenging activity (%) was calculated as follows:
DPPH radical scavenging activity (%)
Where A 0 was the absorbance of control reaction, A i was the absorbance of sample (FvP) reaction and A j was the absorbance of sample itself.
b) Hydroxyl radical scavenging activity The hydroxyl charide with higher yield, single factor experiment (ratio of water to raw material, initial pH value, extracting temperature, and extracting time) and orthogonal experiment were conducted to optimize the production conditions for FvP. The in vitro antioxidant activities of FvP were evaluated by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical and hydroxyl (·OH) radical scavenging assay, respectively. The effects on proliferation were also investigated in BEL-7402 cells. The results would provide a theoretical and practical basis for large-scale production of medicinal polysaccharides with higher yield and antioxidant and antitumor activity.
Materials and Methods
Materials and cell growth F. velutipes was provided by Mycological Research Center, Fujian Agriculture and Forestry University (Fuzhou, China). The medium was potato dextrose agar (PDA) culture which consisted of the following components (L -1 ): glucose 20 g, peptone 20 g, potato extracts 4 g, KH 2 PO 4 3 g and MgSO 4 1.5 g. Optimal fermentation conditions for mycelia production by F. velutipes were carried out by the procedure reported in our previous study. The optimal liquid fermentation condition was that the initial pH was 7.0, amount of medium per shaking flask was 120 mL/250 mL, and mycelia growing were incubated at 25℃ for 7 days. The maximum level of mycelial dry weight was 1.044 g/100 mL under the optimized conditions. The human hepatocellular carcinoma BEL-7402 cell line was provided by Institute of Plant Virology, Fujian Agriculture and Forestry University. BEL-7402 cells were cultured in the RPMI-1640 medium (L -1 : RPMI1640 10.4 g, HePes 2.38 g and NaHCO 3 2 g) supplemented with 10% (v/v) bovine serum, 100 U/mL streptomycin and penicillin at 37℃ in a humidified atmosphere containing 5% CO 2 .
Routine procedures for preparation of FvP F. velutipes mycelia were dried and pounded into powders, extracted with double-distilled water. The supernatant was collected as FvP-1 and then extracted with three fold of the volume of anhydrous ethanol (v/v) (4℃) for overnight. Then the floccules were centrifugalized at 3,500 rpm for 15 min. After centrifugation, the precipitate was washed with 75% alcohol, anhydrous alcohol and then vacuum-dried at 50℃ to yield the crude polysaccharide FvP (FvP-2). FvP-2 was dissolved in distilled water and deproteinized by polyamide adsorption method (Mallika and Dhar, 1980) and then precipitated with 3-fold volume anhydrous ethanol. With 8% polyamide, protein removal rate was up to 66.13%. The precipitate was washed successively with anhydrous ethanol and acetone, dialyzed against deionized water, and lyophilized as the deproteinized polysaccharide (FvP-3). Total sugars were determined by the phenol-sulfuric acid analysis using glucose as time. With increasing of final ethanol concentration, the yield of crude polysaccharides increased. The yield of polysaccharides obtained in 75% ethanol concentration was significantly higher than that obtained with ethanol concentration of 50 − 65%, but was not remarkably different from that obtained with ethanol concentration of 80%. Therefore, the final ethanol concentration held near 75% was good for producing more polysaccharides. The yield of the polysaccharides obtained from broth with pH 7.0 was not significantly different from that obtained from broth with pH 9.0, but significantly different from those obtained from the other pH values. Therefore, neutral environment was good for production of polysaccharides.
Based on the results of single factor experiments, orthogonal experiment was applied to the following optimization. As shown in Table 1 , the nine extraction experiments were carried out using the combinations of the four factors, i.e., ratio of water to raw material (A), extracting time (B), extracting temperature (C), and initial pH value (D), the respective values being defined by the factor level n (n = 1, 2, and 3). For each factor, the total and average of FvP yield (%) at each factor level n were then calculated as shown by the Kn and kn values, respectively. The R value was then defined as the difference in maximum and minimum values of kn, that is to say, the bigger the R value, the more influence the factor has on adsorption. Considering the factor level n giving the maximum kn value at each factor, the optimal was determined to be A3B3C2D1. Parallel tests were made on A3B3C2D1 for 3 times, and the average value was 70%, which was better than others. Thus, A3B3C2D1 was chosen to use in the following tests. The results of the orthogonal experiment additionally showed that the single factor (expert initial pH value) effects on the yield of FvP were significant (p < 0.01). The average yield of FvP under the optimum extracted conditions was 106.74 ± 1.73 mg/g. FvP yield increased approximately 70% against the process parameters before the optimization. The maximum of extraction rate achieved 2.19%.
Amino acids analysis While concentration of soluble solid was 9%, content of crude polysaccharide was up to 2.0%, content of the amino acid was up to 557.07 mg/100 mL. The FvP also contained 8 essential amino acids and the most abundant amino acids were glutamic acid/glutamine and aspartic acid/asparagine (Table 2 ). Other abundant amino acids included threonine and alanine.
Radical scavenging activities of FvP DPPH radical and hydroxyl radical scavenging activities of FvP were shown in Fig. 1 . It was evident that, in general, all the extracts showed an increased DPPH radical scavenging activity by their amounts in the reaction mixture and presented dose-response (·OH) radical scavenging activity of each extract (FvP-1, FvP-2 and FvP-3) was measured with the salicylic acid method as described by Smirnoff and Cumbes (1989) with some modification. The reaction mixture (10 mL) contained 0.4 mL of H 2 O 2 (1.0%), 1.0 mL of FeSO 4 (5 × 10 -3 mol/L),
1.4 mL of crystal violet (2 × 10 -4 mol/L), and each extract at various final concentrations (50 − 400 μg/mL). The H 2 O 2 was added into the mixture to start up the reaction. The reaction mixture was incubated at 37°C for 5 min, and then centrifuged at 12,000 × g for 6 min. The absorbance (A) of the reaction solutions at 585 nm was measured. The scavenging rate was calculated according to the equation:
Hydroxyl radical scavenging activity (%)
Where A 0 was the absorbance for control (double-distilled water), A x was the absorbance for the reaction mixture with FvP, and A x0 was the absorbance for background (i.e., the reaction mixture without H 2 O 2 ).
Antitumor activities of FvP Antitumor assay were performed using MTT method as previously described with some modifications (Kassim et al., 2010) . Briefly, 180 μL of cells suspension at a density of 5 × 10 4 cells/mL was seeded in 96-well plates for 24 h incubation, and then the cells were treated with the medium containing 20 μL of different concentrations (0, 20, 40, 80, 160, 320 and 640 μg/mL) of polysaccharides (FvP-1, FvP-2, or FvP-3) for 48 h. After removing the medium, 20 μL of MTT solution (5 mg/mL) was added to each well and incubated for another 4 h at 37℃. Subsequently, 160 μL of dimethyl sulfoxide (DMSO) was added to dissolve formazan crystals. Absorbance was measured at 570 nm. 5-Fluorouracil (5-Fu) was treated as positive control (pc) and PBS was taken as negative control (nc). The growth inhibitory rate (IR %) was calculated according to the equation below:
Where A nc was the absorbance of negative control group and A ex was the absorbance of experimental group.
Results
Results of orthogonal experiment FvP extracting conditions were determined. With increasing extracting temperature, the yield of polysaccharides raised slowly. The highest polysaccharide yield was obtained from extracting temperature at 85℃, but there was no obvious change while over 85℃. Precipitation time could be controlled as 5 h in order to improve production efficiency. The yield of the polysaccharides did not vary noticeably with increase of extracting relationship. DPPH radical scavenging activity of the extracts had no significant changes while the concentration exceeded 200 μg/mL. DPPH radical scavenging activity of FvP-3 was higher than FvP-1 and FvP-2 in the same amounts (Fig. 1A) . When the concentration of FvP-3 was 200 μg/mL, DPPH radical scavenging activity was 65.85%.
The effects of FvP at which hydroxyl radical scavenging activity were similar to DPPH radical scavenging activity (Fig. 1B) . The only difference was that hydroxyl radical scavenging activity of FvP was improved with the concentration increase. When the concentration of FvP-3 was 200 μg/mL, hydroxyl radical scavenging activity was 71.24%.
Antitumor activity The human hepatocellular carcinoma BEL-7402 was employed to investigate the antitumor activities of FvP. Results suggested that FvP could significantly suppress the proliferation of BEL-7402 cells in a dose dependent manner. As shown in Fig. 2, FvP-1 exhibited the weak- (Li et al., 2009; Schepetkin et al., 2008) . That was in agreement with the result of our experiments about the suitable ratio of water to raw material. Investigation about pH of broth indicated that there was no significant difference for yield. Polysaccharides were easy to degrade in acidic environment, the glycosidic bonds disconnect and the polysaccharide molecules break into lots of micromolecule or oligosaccharides. This is the main reason that low pH is not favorable to higher yield of the polysaccharides. In general, distilled water or alkali solution was used for extraction of medicinal fungal polysaccharides (Kim et al., 2003; Kim et al., 2004) . The results showed the suitability of orthogonal experiment in optimizing the extraction of mycelium polysaccharide from F. velutipes. The DPPH free radical is a stable free radical, which has been widely accepted as a tool for estimating the free radicalscavenging activities of antioxidants (Hu et al., 2004) . In this work, the antioxidant activities of FvP (FvP-1, FvP-2 and FvP-3) were high at the tested concentration of 0.4 mg/mL determined by DPPH free radical-scavenging assay. Polysaccharide molecules have the reducing hydroxyl group of a hemiacetal, which occur with active oxygen radical for oxidation-reduction reaction. In a certain range of concentration, hydroxyl radical scavenging was correlated with purity and quality of the polysaccharide. The higher purity and concentration of the polysaccharide showed stronger antioxidant capacity. The antioxidative property of purified polysaccharide after deproteinization (FvP-3) was significantly higher than the crude polysaccharide (FvP-2). DPPH scavenging rate of 65.85% and hydroxyl radical scavenging rate of 71.24% were obtained at 200 μg/mL of FvP-3. Previous studies reported that mushroom extracts had free radical scavenging and antioxidative activities not only in vitro but also in vivo (Bao et al., 2008; Cheung and Cheung, 2005; Jang et al., 2004; Puttaraju et al., 2006) . Alcoholic and aqueous extracts of F. velutipes have been evaluated for antioxidant activity by lipoxygenase inhibition, DPPH assay and deoxyribose assays (Bao et al., 2010) .
The FvP-2 contained 8 essential amino acids and the est antitumor activtiy against BEL-7402 cells. No significant difference was observed for the inhibitory rate of BEL-7402 cells between FvP-2 and FvP-3 at 20 μg/mL and 40 μg/mL, respectively. The highest inhibitory rates were 45% for FvP-2 and 40% for FvP-3 at the concentration of 640 μg/mL, respectively. In addition, FvP-2 could obviously inhibit the proliferation and induce cell shrinkage of BEL-7402 in vitro (Fig.  3) , indicating FvP-2 could be a potential anti-cancer drug.
Discussion
Single factor experiment and orthogonal experiment were conducted to optimize the production conditions for polysaccharide from F. velutipes mycelia. The verification experiments completed under the optimal conditions (ratio of water to material of 50:1, initial pH value of 6.0, extracting temperature of 85℃, and extracting time of 6 h) gave the polysaccharides yield rate of 2.19%. Orthogonal experiment showed that extracting time, ratio of water to raw material and extracting temperature were the main factors influencing yield of the polysaccharides. Long extracting time was suitable for production efficiency. Our results indicated that extracting temperature has significant influence on the yield of the polysaccharides. In most of procedures, polysaccharide was usually extracted at 80℃ (Qin et al., 2002; Xie et al., 2007) . The experiments suggested that there was significant difference for yield of the polysaccharides. In most cases, it was generally to add 30 − 40 volumes of water and keep the final material concentration 25 mg/mL for extraction of most abundant amino acids were glutamic acid/glutamine and aspartic acid/asparagine. Other abundant amino acids included threonine and alanine. These amino acids may be responsible for the higher anti-proliferation activity of FvP-2 than that of FvP-3. The cancer cell growth inhibition rate of BEL-7402 cells was up to 45% at 640 μg/mL of FvP-2. The natural antitumor polysaccharides isolated from mushroom include acidic and neutral ones with different types of glycosidic linkages, while some are bound to protein or peptide residues such as polysaccharide-protein or -peptide complexes (Cun et al., 1994; Mizuno and Zhuang, 1995) . Although previous researches deemed that protein-bound polysaccharides are thought to have no cytotoxicity on cancer cells, recently increasing studies reported that the proteoglycan could kill cancer cells directly when the doses were high (Li et al., 2004; Li et al., 2011) . In some mushroom species, polysaccharides are bound with proteins or peptides as a polysaccharide-protein or -peptide complex which showed higher potent antitumor activity (Cui and Chisti, 2003; Zhang et al., 2007) . Our results showed that the crude polysaccharide (FvP-2) is more effective for the inhibition on BEL-7402 cells than purified polysaccharide after deproteinization (FvP-3) under 640 μg/mL. The results were in good agreement with the above reports. However, the relationship between the structure of F. velutipes polysaccharides and antioxidative mechanisms has not yet been elucidated. This anti-proliferation activity might be owing to the structural characterizations of polysaccharide, and the recognition of biological system for the triple helical structures of polysaccharides.
Conclusion
In this study, the effects of ratio of water to raw material, initial pH value, extracting temperature, and extracting time on the yield of FvP were investigated for the first time. The optimized culture conditions for polysaccharides were obtained by orthogonal experiment. Under the optimal production conditions, the measured yield of the polysaccharides was 106.74 ± 1.73 mg/g, which increased approximately 70% against the process parameters before the optimization. It provides a theoretical foundation for low-cost production of polysaccharides in industrial scale. Moreover, FvP showed a strong DPPH and hydroxyl radical scavenging activities and prominent inhibitory activities against BEL-7402 cells. These results suggested the potential prospects of FvP as functional ingredient to prevent hepatocellular cancer. These results suggested that FvP may be useful as a functional food additive and an antioxidant and antitumor agent. Further purification and characterization of the polysaccharides are on the march to investigate the function and structure of polysaccharide from F. velutipes mycelia.
